Tl TLE OF THE IN VENTI ON 

LI QU ID CRYSTAL Dl SPLAY 



BACKGROUND OF THE INVENTION 
Fl ELD OF THE IN VENTI ON 

The present invention relates to a liquid crystal 
display device, and particularly, to a liquid crystal display 
device made of a liquid crystal display panel and a backlight 
disposed on the back side of the liquid crystal display pan el . 

BACKGROUND ART 

A liquid crystal display device includes a vessel made 
of transparentsubstrates disposed tobeopposed to each other 
with a liquid crystal interposed therebetween, and multiple 
pixels formed in the spreading direction of the liquid 
cr ys t al . 

In this case, each of the pixels only has the function 
of controlling the amount of light being transmitted thr ough 
the liquid crystal, and does not emit light in itself. For 
this reason, ordinarily, a backlight is disposed on the back 
side of the liquid crystal display panel. 

This backlight is providedwith not only a light source 
but also a diffusing sheet and a reflector in order to make 
uniform the irradiation of light onto the liquid crystal 
d i sp I ay pa ne I . 

The light source uses a cold-cathode fluorescent tube 
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(CFL) having alength approximatelyequal to the lengthof 
one side of the liquid crystal display panel, and is made to 
function as an il I um in ant by a vol tage being applied to each 
of the electrodes formed toproject fromtheoppositeends 
of the tube. 

However, in the liquid crystal display device having 
such a construction, the life of the light source is not 
sufficient, and it is no exaggeration to say that the li fe 
of the liquid crystal display devi ce is determined by the life 
of the I ight so ur ce. 

Specifically, during the lighting of the cold-cathode 
fluorescent tube, an electrode substance inside the tube is 
sputtered, and the electro de subs tan ce sticks to the tubewall. 
This stuck electrode substance can be recognized as a black 
substance at the outside of the tube. 

The electrode substance which is stuck to the tube wall 
is alloyed (forms an amalgam) with mercury in the tube, and 
the consumption of mercury leads to the end of the life of 
the cold-cathode fluorescent tube. 

SUMMARY OF THE IN VENTI ON 

The invention has been made in view of the above- 
described problems, and an object of the invention is to 
provide a liquid crystal display device the life of which can 
be I e ng t he ne d . 



Another object of the invention is to provide a liquid 
crystal display device in which it is possible to narrow an 
area called a picture frame (the area bet we en the outline of 
the outer frame of the liquid crystal display device and the 
ou 1 1 i ne of its di spl ay pa r t) . 

Representative aspects of the invention disclosed 
herein will be described below in brief. 

A liquid crystal display device according to the 
invention includes, for example, a liquid crystal display 
panel having a display part in its central portion except its 
periphery and a back light disposed on a back side of the liquid 
crystal display panel. The backlight includes a discharge 
tube having electrodes at at least its opposite ends, and the 
electrodes aredisposed at the exterior of the discharge tube. 
The opposite end portions of the discharge tube where the 
respective electrodes are disposed are positioned to be 
superposed on the periphery of the liquid crystal display 
panel, and are bent with an angle with respect to the central 
axis of the discharge tube. 

In the liquidcrystal display dev ice cons tructed in this 
manner, the electrodes of the discharge tube which serves as 
a light source are disposed at the exterior of the discharge 
tube; that is to say, the electrodes are no t formed inside 
the discharge tube. Accordingly, mercury in the discharge 
tube is not consumed by these electrodes, whereby it is 
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possible to length en the life of the light source. 

The opposite end portions of the discharge tube where 
the respective electrodes are disposed are positioned to be 
superposed on an area other than the display part of the liquid 
cr ys tal di sp I ay pane I , an d are bent with an an gl e wi th respect 
to the central axis of the discharge tube. Accordingly, it 
is possible to narrow an area called a picture frame. 

In the case of the construction in which the electrodes 
of the discharge tube are disposed at the exterior thereof, 
it has been confirmed that the discharge effect of the 
discharge tube can be enhanced by increasing the width of each 
of the electrodes along the axial direction of the discharge 
tu be . 

Accordingly, in a case where the portions of the 
electrodes are positioned to be superposed on the area other 
than the display part of the liquid crystal display panel 
without being bent, the width occu pied by the area called a 
picture frame becomes large. However, this disadvantage can 
be solved by adopting the above-described construction. 

Contrarily, inacasewhere it is not necessary to narrow 
the width of the area of the picture frame, by bending the 
opposite end portions of the discharge tube where the 
respective electrodes are disposed, it is possible to 
increase the lengths of the opposi te end portions, and hence 
it is poss ib I e to in cr eas e the wid t h of eac h of the el ec t rodes. 



Accordingly, it is possible to enhance the discharge effect 
of the d is ch arge tub e. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention wil I bee o me mo re readily appreciated and 
understood from the following detailed description of 
preferred embodiments of the invention when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is an equivalent circuit diagram showing one 
embodiment of the liquid crystal display device according to 
the i nv ent io n ; 

Fig. 2 is an exploded perspective view showing one 
embodiment of the liquid crystal display device according to 
the i nv ent io n ; 

Fig. 3 is a plan view showing one embodiment of a pixel 
of the liquid crystal display device according to the 
i n ve n t i on; 

Fig. 4 is an exploded perspective view showing one 
embodiment of a back light of the liquid crystal displaydevice 
according to the invention; 

Fig. 5 is a perspective view showing one embodiment of 
a light source to be incorporated into the backlight of the 
liquid crystal display device according to the invention; 

Figs. 6A and 6B are cross-sect i ona I views showingcross 
sections of a discharge tube which constitutes the light 



source of the liquid crystal display device according to the 
in ve n ti on ; 

Figs. 7A to 7C are graphs showing the illuminance 
distribution of the light sourceof the liquid crystal display 
device according to the invention; 

Figs. 8A and 8B are a plan view and a c ro ss -s e c t i on a I 
vi ew sh owi ng on e e mb od i me n t of the back I i gh t o f t he I i qu i d 
crystal display device accordingto the invention; 

Fig. 9 is a graph showing the relationship between the 
frequency of apower source and theaverage i I luminance o f 
the backlight of the liquid crystal display device according 
to the i nv en t io n ; 

Fig. 10 is a perspective view show i ng one em bo di men t of 
a resin frame of the liquid crystal display device according 
to the i nv en t io n ; 

Fig. 11 is an explanatory view showing one embodiment 
of ahigh-frequencypower sourceboard disposed on the reverse 
side of the resin frame of the liquid crystal display device 
according to the invention; 

Fig. 12 is a view including five side views showing the 
construction of an assembly of the liquid crystal display 
device according to the invention; 

Fig. 13 is a cross-sectional view showing another 
embodiment of the liquid crystal display device according to 
the i nv e nt i o n ; 



Figs. 14A to 14C are explanatory views showing other 
embodiments of the light source of the liquid crystal display 
device according to the invention; 

Figs. 15A and 1 5B are views showing the construction of 
an other embodiment of the backlight unit of the liquid crystal 
display device according to the invention; 

Fig. 16A, 16B and 16C are explanatory views showing the 
advantage of the embodiment shown in Figs. 15A and 1 5B ; 

Fig. 17 is a graph showing the advantage obtained by 
increasing the lengths of the electrodes of the discharge 
tu be ; 

Fig. 18 is a graph showing the advantage obtained by 
increasing the lengths of the electrodes of the discharge 
tu be ; 

Fig. 19 is a view showing the equivalent circuit of the 
discharge tube which causes a discharge; 

Fig. 20 is a construction view showing another 
embodiment of the backlight unit of the liquid crystal display 
device according to the invention; 

Fig. 21 is a construction view showing another 
embodiment of the backlight unitof the liquid crystal display 
device according to the invention; 

Fig. 22 is a construction view showing another 
embodiment of the back light unit of the liquid crystal display 
device according to the invention; 



45 

sat s 





Fi g. 


23 i 


s a 


co ns t ru ct i on 


v i 


ew 


sho w i ng 


an 


ot her 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t unit of t h 


e 1 


i qu 


id c r ys t al 


d i 


splay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


24 i 


s a 


co ns t ru ct i on 


v i 


ew 


sho w i ng 


an 


ot her 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t un i t of th 


e 1 


i qu 


id c ry s t al 


d i 


splay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


25 i 


s a 


co ns t ru ct i on 


v i 


ew 


sho w i ng 


an 


ot her 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t unit of t h 


e 1 


i qu 


id c r ys t al 


d i 


splay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


26 i 


s a 


co ns t ru ct i on 


v i 


ew 


sho w i ng 


an 


ot her 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t un i t of t h 


e 1 


i qu 


id c r ys t al 


d i 


spl ay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


27 i 


s a 


co ns t ru ct i on 


vi 


ew 


sho w i ng 


an 


other 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t un i t of t h 


e 1 


i qu 


id c r ys t al 


d i 


spl ay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


28 i 


s a 


co ns t ru ct i on 


vi 


ew 


sho w i ng 


an 


other 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t un i t of t h 


e 1 


i qu 


id c r ys t al 


d i 


splay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


29 i 


s a 


co ns t ru ct i on 


vi 


ew 


sho w i ng 


an 


ot her 


em 


bo d im ent 


of the 


ba ck 1 


ig h t un i t of t h 


e 1 


i qu 


id c rys t al 


d i 


spl ay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


30 i 


s a 


co ns t ru ct i on 


vi 


ew 


sho w i ng 


an 


other 


em 


bo d im e nt 


of the 


ba ck 1 


ig h t unit of t h 


e 1 


i qu 


id c r ys t al 


d i 


splay 


de 


vi ce acc 


or d i n g 


to th 


e i n ve nt i on ; 














Fi g. 


31 i 


s a 


co ns t ru ct i on 


vi 


ew 


sho w i ng 


an 


other 



em bo d im e nt of t he ba ck I ig h t un i t of the liquid c r yst a I d i spl ay 

device according to the invention; 

Fig. 32 is a construction view showing another 

embodiment of the back light unit of the liquid crystal display 

device according to the invention; 

Fig. 33 is a construction view showing another 

embodiment of the backlight unitof the liquid crystal display 

device according to the invention; 
*2 Fig. 34 is a construction view showing another 

■j: embodiment of a discharge tube to be provided in the backlight 

fy 

j\J unit of the liquid crystal display device according to the 

S3 

i n ve n 1 1 on ; 
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Fig. 35 is a construction view showing another 

y 

y± embodiment of the back light unit of the liquid crystal display 

Q 

M, device according to the invention; 

Fig. 36 is a construction view showing another 
embodiment of the backlight unitof the liquid crystal display 
device according to the invention; 

Fig. 37 is a construction view showing another 
embodiment of the back light unitof the liquid crystal display 
device according to the invention; 

Fig. 38 is a construction view showing another 
embodiment of the back light unitof the liquid crystal display 
device according to the invention; 

Figs. 3 9A an d 3 9B are construction views showing another 



embodiment of a discharge tube to be provided in the backlight 
unit of the liquid crystal display device according to the 
i n ve n t i on; 

Fig. 40 is a construction view showing another 
embodiment of a discharge tube to be provided in the backlight 
unit of the liquid crystal display device according to the 
invention; and 

Fig. 41 is a construction view showing another 
embodiment of the back light unit of the liquid crystal display 
device according to the invention. 

DETA I LED DESCRI PT I ON 

Preferred embodiments of a liquid crystal display 
deviceaccordingto the invention will be described belowwith 
reference to the accompanying drawings. 

Em bo d im ent 1 

<E qu i va I en t C i r cu i t of Liquid C rys t a I Display De v i c e> 
Fig. 1 is an equivalent circuit diagram showing one 
embodiment of a liquid crystal display device according to 
the invention. Fig. 1 is a circui t diagram which is depicted 
to correspond to an actual geometrical arrangement. 

In Embodiment 1, the invention is applied to a liquid 
crystal display device adopting a so-called in-plane- 
switching mode which is known as a mode having a wide viewing 
an gl e. 
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In Fig. 1, there is shown a liquid crystal display pane I 
1. This liquid crystal display panel 1 has a vessel made of 
transparent substrates 1A and IB disposed to be opposed to 
each other with a liquid crystal interposed therebetween. In 
this case, one of thetransparentsubstrates (in Fig. 1, a 
lower substrate: the matrix substrate 1A) is formed to be 
si ightly larger in size than the other transparent substrate 
(in Fig. 1, an upper substrate: the color filter substrate 
IB). As shown in Fig. 1, the transparent substrates 1A and 
IB are disposed in such a manner that the bottom and right 
peripheral edges of one of the transparent substrates 1A and 
IB approximately coincide with those of the other. 

Accordingly, as viewed in Fig. 1, the left and top 
peripheries of the transparent substrate 1A are disposed to 
be extended outwardly from those of the other transparent 
substrate IB. As will be described later in detail, the 
portion of the transparent substrate 1A that is disposed to 
be extended outwardly from the transparent substrate IB is 
used as an area in which the gate driver circuits 5 and drain 
driver circuits 6 are mounted. 

Pixels 2 are disposed in matrix form in the area in which 
the transparent substrates 1A and 1B are superposed on each 
other. Scanning signal lines 3 are disposed to be extended 
in the x direction and to be juxtaposed i n t he y di rection 
as viewed in Fig. 1, while video signal lines 4 are disposed 
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to be extended in the y direction and to be juxtaposed in the 
x direction as vi ewe d in Fig. 1, and the respective pixels 
2 are formed in areas each of which is surrounded by adjacent 
ones of the scanning signal lines 3 and adjacent ones of the 
video signal lines 4. Each of the pixels 2 is provided with 
at least a switching element TFT to be driven by the supply 
of a scanning signal from one of the adjacent scanningsi gna I 
q lines 3, and a pixel electrode to which apply a video signal 

s 

to be supplied from one of the adjacent video signal lines 



4 via this switching element TFT. 

H> InEmbodimenM, e ac h o f t he p i xe I s 2 i s of thetypewhich 

00 

s adopts the so-called in-plane-switching mode as described 

□ 

DO above, and is also provided with a counter electrode and an 

y 

^ added capacitance element in addition to the switching 

□ 

^ element TFT and the pixel electrode, as wil I be described 

later. 

Each of the scanning signal lines 3 has one end (in Fig. 
1, the leftend) disposed to beextended to the outside of 
the transparent substrate IB, and is connected to the output 
terminal of the corresponding one of the gate driver circuits 
(I Cs) 5 mounted on the transparent substrate 1 A. 

In this case, plural gate driver circuits 5 ar e d i s p osed, 
and mutual ly adjacent ones of the scanning signal lines 3 are 
grouped and eachof the grouped scanning signal I ines 3 is 
connected to theproximateone of the gate driver circuits 
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5. 

Similarly, each of the vi deo si gna I lines 4 ha s one end 

(in Fig. 1, the top en d) disposed tobeextended to the outside 

of the transparent substrate IB, and is connected to the 

output terminal of the corresponding one of the drain driver 

circuits (IC) 6 mounted on the transparent substrate 1 A. 

In this case, plural drain driver circuits 6 are 

di spose d, an d mut ual ly ad j ac en t on e s o f the vi de o s i gn a I I ines 

y3 4 are grouped and each of the grouped video signal lines 4 

flj is connected to the proximate one of the corresponding one 

01 

Ht of the drain driver circuits 6. 

OS 

* A co n tr o I ci r cu i t bo ar d 1 0 (a cont r o I c i r cu i t bo a rd 10) 

03 is disposed in proximity to the liquid crystal display panel 

W 

1 on which the gate driver circuits 5 and the drain driver 
circuits 6 are mounted in the above-described manner, and a 
control circuit 12 for supplying input signals to thegate 
driver circuits 5 and the drain driver circuits 6 is mounted 
on the control circuit board 10 in addition to a power supply 
ci rc u i t 11 and others. 

Signals from the control circuit 12 are supplied to the 
gate driver circuits 5 and the drain driver circuits 6 via 
flexible printed wiring boards (agate circuit board 15, a 
drain circuit board 16A and a drain circuit board 16 B). 

Specifical ly, a flexible printed wiring boa rd (the gate 
ci rc u it bo ar d 15) wh ic h is pro v ide d wi th te rmi na I s oppos i tely 
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connected to the input terminalsof the respectivegatedriver 
circuits 5 is arranged on the side of the gate driver circuits 
5. 

A portion of the gate circuit board 15 is formed to be 
extended to the control circuit board 10, and the gate circuit 
board 15 is connected to the control circuit board 10 via a 
connecting part 18 at the extended portion. 

The output signals from the control circuit 12 mount ed 
on the control circuit board 10 are input ted to the respective 
gate driver circuits 5 via interconnection layers on the 
control circuit board 10, the connecting part 18 and 
interconnection layers on the gate circuit board 15- 
Th e drain circuit boards 16A and 16B each of which is 
provided with terminals oppositely connected to the input 
terminals of the respective drain driver circuits 6 are 
disposed on the side of the drain driver circuits 6. 

Portions of the drain circuit boards 16A and 1 6B are 
formed to be extended tot he control circuit board 10, and 
are connected to the control circuit board 10 via connecting 
parts 1 9A and 1 9B at the extended portions, respectively. 

The output signals from the control circuit 12 mounted 
on the control circuit board 10 are inputted to the drain 
circuit boards 1 6 A a nd 1 6 B via the interconnection layerson 
thecontrol circuitboard 10, the respect ive c on nec ting parts 
19A and 19B, and interconnection layers on the respective 
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drain circuit boards 1 6A and 1 6B. 

Th e d ra i n ci r cu i t bo ar ds 1 6A and 1 6B on t he si de of the 
drain driver circuits 6 are provided as two se pa r at e c i r cui t 
boards, as shown in Fig. 1. This is intended to prevent, for 
example, harmful effects caused by thermal expansion due to 
an increase in the x direction of Fig. 1 in the length of either 
of the drain circuit boards 16A or 1 6B which accompanies an 
increase in the size of the liquid crystal display panel 1. 

The output signals from the control circuit 12 mounted 
on the control circuit board 10 are inputted to the 
corresponding drain driver circuits 6 via the connecting part 
19A of the drain circuitboard 16A and the connectingpart 
19B of the drain circuit board 16B . 

In addition, a video signal is supplied from a video 
signal source 2 2 to the control circuit board 10 through a 
cable 23 via an interface circuit board 24, and is inputted 
to thecontrol circuit 12 mounted on thecontrol circuit board 
10 . 

In Fig. 1, the liquid crystal display pan el 1, the gate 
circuit board 15, the draincircuit boards 16A and 16B and 
the control circuitboard 10 areshown to bepositionedin 
approximately the same plane. Actually, the control circuit 
board 10 isbent at a portion where the gate circuit board 
15 and the drain circuit boards 16A and 1 6B are mounted, and 
is positioned at approximately right angles to the liquid 
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cr ys t al di sp I ay p ane I 1 . 

This construction is intended to reduce the area of a 
so-called frame. The term frame used herein means the area 
between the outline of the outer frame of the liquid crystal 
di sp I ay device an d t he ou t I i ne of its display pa rt, an d b y 
reducing this area, it is possible toobtain the advantage 
of increasing the area of the display partwith res pec t to 
the outer f r ame . 

[MODULE OF LIQUID CRYSTAL DISPLAY DEVICE] 

Fig. 2 is an exploded perspective view showing one 
embodiment of a module of a liquid crystal display device 
according to the invention. 

The liquid crystal display device shown in Fig. 2 
includes major parts such as a liquid crystal display panel 
mo du I e 4 00 , a bac k I i gh t unit 300, a resin f r am e 500 , an i ns i de 
frame 700 and an upper frame 800, all of which are assembled 
in a module form. 

Incidentally, in this embodiment, a reflector which 
constitutes part of the backlight unit 30 0 is formed at the 
bottom of the resin frame 50 0. The resin frame 500 and the 
back light un i t 30 0 a re difficult to physically distinguish 
from each other, but can be functionally distinguished as 
de sc r ib ed ab o ve . 

These members will be described be low in order. 

[LIQUID CRYSTAL DISPLAY PANEL MODULE] 
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This liquid crystal display panel module 40 0 includes 
the liquid crystal display panel 1, the gate driver ICs 5 and 
the drain driver ICs 6 which are respectively made of plural 
semiconductor ICs mounted on the periphery of the liquid 
crystal display panel 1, and the flexible gate circuit board 
15 and drain circuit boards 16 (16 A and 16B) which are 
connected to the corresponding ones of the driver ICs 5 and 

O 6 - 

d3 

03 Sp ec i f i c a I ly , t he ou tp u t f ro m t he control c i rc ui t board 

rtJ 10 to be described later in de tail is inputted to thegate 

y e 

y= driver ICs 5 and the drain driver ICs 6 on the liquid crystal 
GO 

3 display panel 1 via the gate circuit board 15 and the drain 

S3 circuit boards16Aand 16B, re spec tively, and theoutputs from 

ya 

the gate driver ICs 5 and the drain driver ICs 6 are inputted 
to the corresponding ones of the scanning signal lines 2 and 
the video signal lines 3 of the liquid crystal display panel 
1 . 

The liquid crystal display panel 1 has a display area 
part which is made of multiple pixels disposed in matrix form, 
as described above, and one of these pixels is shown in Fig. 
3. 

Referring to Fig. 3, the scanning signal lines 3 and 
counter voltage signal lines 50 are formed to be extended in 
the x direction on the main surface of the matrix substrate 
1A. As shown in Fig. 3, the area which is surrounded by the 
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signal lines 3 and 50 as wel I as the video signal lines 4 wh i ch 
are formed to be extended in the y direction as will be 
described later, is formed as a pixel area. 

In other words, in this em bo dim en t , the counter vol tage 
signal line 50 is formed to run between the adjacent scanning 
signal lines 3, and pixel areas are respectively formed to 

extend in the ±y directions from the counter voltage signal 
I i ne 50 . 

With this construction, it is possible to reduce the 
number of the counter voltage signal lines 50 juxtaposed in 
the y direction to approximately half of the conventionally 
required number, whereby it is possible to assign the areas 
occupied by the counter voltage signal lines 50 to the pixel 
areas and increase the total area of the pixel areas. 

In each of the pixel areas, for example, three counter 
electrodes 50A which are disposed to be extended in the y 
direction are formed at equal intervals integrally with the 
counter voltage signal line 50. These counter electrodes 50A 
are not connected to but extended to positions close to the 
scanning signal line 3, and two outside ones of the counter 
electrodes 50A are disposed adjacently to the respective 
video signal lines 3 and the remaining one is positioned in 
the center between the two outside ones. 

Furthermore, an insulating film made of, for example, 
si lie on nitride film is formed to cover the sc an ning signal 
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1 i ne s 3, the co un t er vo 1 1 age si gna I lines 50 and the counter 
electrodes 50A on the main surface of the transparent 
substrate 1A on which these scanning signal lines 3 and the 
like are formed in the ab o ve -d escr i bed manner. This 
insulating film functions as an interlayer insulatingfi Im 
for insulating the video signal lines 2 (to be described 
later) from the scanning signal lines 3 and the counter 
voltage signal line 50, and also functions as a gate 
insulating film for the thin film transistor TFT and as a 
dielectric film for a storage capacitor Cstg. 

On the surface of the insulating film, a semiconductor 
layer 51 is for me d in an area inwhich the thin film transistor 
TFT is formed. This semiconductor layer 51 is made of, for 
example, amorphous Si, and is formed to be superposed on the 
scanning signal line 3 in a portion close to one of the video 
signal lines 2 wh i ch will be described later. Thus, part of 
the scanning signal line 3 serves as thegate electrodeof 
the thin film transistor TFT. 

The video signal lines 2 which are extended in the y 
direction and juxtaposed in the x direction are formed on the 
surface of the insulating fi Im. Each of the video signal I ines 

2 is integrally provided with a drain electrode 2A which is 
formed to be extended to a portion of the surface of the 
semiconductor layer 51 which constitutes the thin film 
tr an s is t or T FT. 
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Furthermore, a pixel electrode 53 which is connected to 
a source electrode 53A of the thin film transistor TFT is 
formed on the surface of the insul ating film in the pixel area. 
This pixel electrode 53 is formed toextend in the y direction 
in the center between each of the counter electrodes 50A. 
Specifically, one end of the pixel electrode 53 also serves 
as the source electrode 53A of the thin film transistor TFT, 
and the pixel electrode 53 is extended in the y direction 
toward the counter voltage signal line 50 and is further 
extended in the x direction along the counter voltage signal 
line 50, and is again extended in the y direction so as to 
fo rm a C-l ike s ha pe. 

The portion of the pixel electrode 53 which is 
superposed on the counter voltage signal line 50 constitutes 
the storage capacitor Cstg which uses the above-described 
insulating film as its dielectric film, in the region be tween 
the pixel electrode 53 and the cou nter voltage signal line 
50. The storage capacitor Cstg serves the effect of storing 
video information in the pixel electrode 53 for a long time, 
for example, when the thin film transistor TFT is off. 

The surface of the semiconductor layer 51 which 
corresponds to the interface between the drain electrode 2A 
and the source electrode 53A of the thin film transistor TFT 
is doped with phosphorus (P) to form a hi gh -c one ent r at io n 
layer, thereby providing ohmic contact at each of the drain 
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electrode 2A and the source electrode 53A. The high- 
concentration layer is formed on the entire surface of the 
semiconductor layer 51, and after the drain electrodes 2A and 
the source electrodes 53A have been formed, these electrodes 
2A and 53A are used as a mask to etch the h i gh -c o nc e nt rat ion 
layer except the area in which the electrodes 2A and 53A are 
formed, thereby forming the above-described construction. 
P Then, a protective film made of, for ex am pie, silicon 

nitride film is formed on the uppe r surface of the insulating 

ry film on which the thin film transistors TFT, the video si gna I 

On 

M- lines 2, the pixel electrodes 53 and the storage capacitors 

€8 

s Cs tg are formed in the ab ove -d escr i bed manner, and an 

1 

M al ignment fi Im is formed on the upper surface of the 

protective film, to constitute a so-called lower substrate 
^ of the liquid crystal display panel 1. 

Althoughnot shown, ablackmatrix (denoted by refer ence 
numeral 54 in Fig. 3) which has apertures in portions 
corresponding to the respective pixel areas is formed in a 
I i qu i d- c ry st a I- s i d e portion of the transparent substrate 
(color filter substrate) IB which constitutes a so-called 
up pe r s u bs tr a te . 

Furthermore, color filters are formed to cover the 
apertures formed in the portions of the black matrix 54 which 
correspond to the respective pixel areas. These color filters 
have colors which differ between adjacent pixel areas in the 
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x direction, and the respective color filters have boundaries 
on t he b la ck ma tr i x 54 . 

A flat filmmadeof re sin film or the like is formed over 
the surface onwhich the black matrix 54 and the color filters 
are formed in this manner, and an alignment fi Im is formed 
on the surface of the flat film. 

[BACKLI GHT] 

The backlight unit 300 is disposed on the back side of 
the liquid crystal display panel module 400. 

This backlight unit 30 0 is a so-ca II ed directbacklight 
and includes, as shown in detail in Fig. 4, plural (in Fig. 
4, eight) linear light sources 35 disposed to be extended in 
the x direction and to be juxtaposed in the y direction in 
such a manner as to be spaced equa My a pa rt f r om on e a no t her, 
and a reflector 36 for irradiating the liquid crystal display 
panel module 40 0 with light from these light sources 35. 

This reflector 36 is formed in a shape which is wavy in 
the juxtaposition direction (y direction) of the light 
so ur ces 35 . Sp ec i f i ca I ly , the ref I ect or 36 has con cav e 
portions each of which is arc-shaped in cross section, at 
locations where the respective light sources 35 a re disposed, 
and convex portions each of which is slightly acute between 
adjacent ones of the light sources 35, whereby the reflector 
36 has a shape capable of efficiently irradiating the liquid 
crystal display pane I module 400 w i t h light from all the light 
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so ur c es 35 . 

In this ca se , the re f I ect or 36 has side wal Is 37 pr ovided 
along opposite sides perpendicular to the longitudinal 
direction of the light sources 35, and the opposite ends of 
each of the light sources 35 are fitted in the corresponding 
ones of si its 3 8 whi ch are formed in the side wa I Is 37, whereby 
the travels of the light sources 35 in the juxtaposition 
direction thereof are restricted. 

Each of the light sources 35 includes a discharge tube 
35a and, for example, six electrodes fitted on the periphery 
of the discharge tube 35a, and these electrodes are spaced 
a predetermined distance apart from one another along the 
axial direction of the discharge tube 35a. 

Each of the electrodes is made of, for example, a 
ring-shaped aluminum foil, and the discharge tube 35a is 
inserted through the rings of the respective electrodes. In 
Embodiment 1, means for securing each of the electrodes to 
the disc ha rge t ub e 3 5a is absent, where by theposition of each 
of the electrodes with respect to the discharge tube 35a can 
be correct ed to a smal I extent in the axial direction thereof. 
The advantage of thisconstruction will be described later 
in d e ta i I . 

The electrodes of each of the light sources 35 are 
respectively connected to the corresponding electrodes of the 
adjacent one by conductive lines so that some of the 
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electrodes are grounded and the other ones are supplied with 
electricity. In other words, the light sources 35 are 
connected in parallel with one another so that they are 
supplied with electricity. 

Fig. 5 is a perspective view showing the detailed 
construction of one of the light sources 35. As shown in Fig. 
5, ground-side electrodes 35 d are provided at approximately 
the middle of the discharge tube 35a and at the opposite ends 
thereof, and high-voltage-side elect rodes 35c are provided 
between those ground-side electrodes 35d. 

Th e gro und -s i de e I ec tr ode 35 d whic h is po si t io ne d a t the 
middle of the discharge tube 35a is madeof twoelectrodes 
which are electrical ly separated from each other, and the two 
electrodes of each of the discharge tubes 35a are respect ively 
connected to the corresponding electrodes of the adjacent one 
by conductive lines, and the conductive lines are connected 
to each other and are grounded. 

Fig. 6A is a cr os s -s ec t i o n a I view showing the 
construction of the discharge tube 35a, and Fig. 6B is a 
cross -sectional view taken along line b-b of Fig. 6A. A glass 
tube 35 p has a cylindrical shape closed at its opposite ends 
(for example, 2.6 mm in outer diameter, 2.0 mm in inner 
diameter, and 3 90 mm in length), and the inner wall surface 
of the glass tube 35 p is coated wi th a phosphor 35q. A Ne+Ar 
(5%) mixed gas having a gas pressure of 60 Torr and mercury 
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are sealed in the glass tube 3 5p. 

In the case of the light source 35 having the above- 
described construction as shown in Fig. 5, when, for example, 
a sinusoidal high-frequency voltage of several MHz (1.5 MHz 
or more) and approximately 800 Vp-p is applied to the 
hi gh -vo I ta ge -si de electrodes 35c, discharge is generated in 
the discharge tube 35a, and ultraviolet rays generated from 
the discharge strike the phosphor 3 5 q to generate visible 
I i gh t . 

In this case, the discharge is generated between the 
ground-side electrode 35d(1) and the h i gh -p r es su r e-s i d e 
electrode 35 c (1 ) as well as between the high-pressure-side 
electrode 35 c (1 ) and the ground-side electrode 3 5 d ( 2 ) as 
viewed from one end of the discharge tube 35a, and between 
the ground-side electrode 35 d ( 3 ) and the h i gh-p r e ss u re -s i de 
el ec t ro de 35 c (2) as we I I as be twee n the high-pressu re-s i de 
electrode 35 c (2 ) and the ground-side electrode 3 5 d ( 3 ) as 
viewed from the other end of the discharge tube 35a. 

In this case, since not the high-voltage-side 
electrodes 35c but the ground-side electrodes 35 d are 
respectively disposed at the opposite ends of the discharge 
tube 35a, the efficiency of discharge can be increased. The 
reason for this is that if the h ig h-v o I ta ge -s i de electrodes 
35c are respectively disposed at the opposite ends of the 
discharge tube 35a, only high-frequency electric fields 
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generated on one side (on a side adjacent to the gro und-s i de 
electrode) contribute to discharge, and high-frequency 
el ec trie fields generated on the other sides (on theopposite 
end sides of the discharge tube 35a) are wasted. In other 
words, the waste of energy can be prevented by disposing the 
ground-side electrodes 35 d on the opposite sides of each of 
the h ig h-v ol tag e- s id e electrodes 35c, whereby it is natural 
to adopt the construction in which the respective ground- 

Q 

^ side electrodes 3 5 d are disposed at the opposite ends of the 

jfi di sc har ge tu be 35 a. 

jfj As described above, the ground-side electrode 35 d 

H ~ disposed in the middle of the discharge tube 35a is made of 

3 the two electrodes 35d(2) and 35d(3) which are electrically 

W 

\a separated from each other. 

3 E 

The reason for this is that if the ground-side electrode 
35 d is made of one electrode instead of two electrodes which 
are electrically separated from each other, there may occur 
the phenomenon that a strong discharge is generated between 
the ground-side electrode 35 d and either one of the h i gh - 
voltage-side electrodes 3 5c ( 1 ) and 35c (2) which are disposed 
adjacently to the ground-side electrode 3 5d . 

For this reason, the ground-side electrode disposed 
between the hig h- vol tag e- side electrodes is constitutedby 
se pa rate electrodes wh ich are r esp ectively paired with the 
h i gh - vo I ta ge -s i de electrodes, whereby uniform discharge can 
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be e f f e c te d. 

Figs. 7A to 7C show data indicative of the axial 
distribution of the illuminance of the light source 35 
constructed in the a bo v e- d es cr i bed manner. 

By way of example, Figs. 7A to 7C show the case of a 

39 0- mm- I on g d is ch arge tub e 3 90 hav i ng e le ct rod es di spo se d as 
sh ow n in Fig. 5 . 

Figs. 7A, 7B and 7C show the case of 800 Vp-p , the case 
of 9 00 Vp-p and the case of 1,000 Vp-p, respectively. 

As is apparent from these graphs, approximately uniform 
illuminance can be obtained except portions close to the 
re sp ect i ve e I ec t r ode s. 

Fig. 8A is a plan view showing the backlight unit 300 
observed from the side where the liquid crystal display unit 

40 0 isdisposed. Fig. 8B is across-sectional view taken along 
I i ne b- b of Fig. 8A. 

In the area of the backlight unit 300 that is opposed 
to at least the liquid crystal display unit 40 0, eight light 
sources 35 which are linearly extended in the x direction as 
viewed in Fig. 8A are juxtaposed to be spaced at nearly equal 
intervals in they direction as viewed in Fig. 8A. Light 
from the light sources 35 is irradiated onto the liquid 
crystal display unit 400 directlyor by being reflectedby 
the reflector 36, whereby the backlight unit 300 serves the 
function of a surface light source. 
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In this case, theremaybearisk that light irradiation 
becomes non-uni form in the region between each of the adjacent 
light sources 35 and in the regions where the respective light 
sources 35 are formed. This disadvantage can be fully solved 
by a reflector 60 disposed to be interposed between the 
backlight unit 30 0 and the liquid crystal display unit 400. 

In this case, the reflector 60 need not necessarily be 
limited to the aforesaid type of reflector, and may use any 

O 

\D kind of means that can make uniform the illuminance of light 

irradiated onto the liquid crystal display panel 1 from the 
ba ck I ig h t un i t 30 0. 
w Fig. 9 i s a gra ph sh ow i ng th e r e I a t i on s h i ps be tw een the 

^ frequency of a power source and the average illuminance 

UJ 

U obtained through the reflector 60 in each of the examples 

2 shown in Figs. 7A , 7B and 7C . As is apparent from this graph, 

as the frequency is increased, the average illuminance is 

im pr o ve d . 

As described above, according to the backlight unit 300 
constructed in this manner, in each of the light sources 35, 
its electrodes are disposed to be fitted on the periphery of 
its discharge tube, that is to say, the electrodes are not 
formed in the discharge tube, whereby the mercury inside the 
tube can be prevented from being consumed owing to these 
el ec t ro d es . 

Accordingly, it is possible to lengthen the life of the 
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light sources 35 and it is, therefore, possible to improve 
the life of the liquid crystal display device. 

In addition, as described above, the ground-side 
electrodes 3 5 d and the h i gh- vo I tag e-s i d e electrodes 35 c of 
each of the light sources 35 can be moved with respect to the 
discharge tu be 35 a inthe axial di recti on t h er eo f , w he re by 
by moving those electrodes 3 5d and 35c to a slightextent, 
it is possible to make the adjustment of making uniform the 
illuminances between the h ig h- vol t age-s i d e electrodes 35c 
and the ground-side electrodes 35d of each of the light 
sources 35 and it is, therefore, possible to obtain the 
" backlight unit 30 0 having a uniform surface illuminance. 

5 [RES I N FRAME] 

hi 

This re sin frameSOO constitutespartof theouterf rame 

□ 

\* ' of the liquid crystal display dev ice assembled in a module 
form, and is constructed to accommodate the backlight un it 
30 0. 

The resin frame 500 has the shape of a box havinga bottom 
and sides, and a diffusing sheet (not shown) disposed to cover 
the backlight unit 300 can be placed on the upper ends of the 
si de s . 

This reflector has the function of diffusing light f rom 
each of the light sources 35 of the backl ight unit 3 00, whereby 
uniform light having even brightness can be irradiated onto 
the liquid crystal display unit 40 0. 
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In this construction, the resin frame 500 is formed to 
be comparatively small in wall thi ckness. This is because 
the resultant decrease in the mech anical strength of the resin 
frame 500 can be compensated for by the inside frame 7 00 which 
will be de sc r i b ed later. 

Incidental ly, a high-frequency power source board (for 
ex am pie, an AC/ AC inverter)40 for supplyingahigh-frequ ency 
voltage to the light sources 35 can be secured to theback 
side of the resin frame 5 00. 

Co nn ect i ng I i ne s ext en d ed f r om the h i gh-f re q ue nc y power 
source board 40 are connected to the h i gh -v o 1 1 ag e-s i de 
electrodes 35c and the ground-side electrodes 35 d of each of 
the light so u rc es 35 . 

Fig. 10 is a view showing the reverse side of the resin 
frame 500, that is, the side of the resin frame 500 opposite 
to the side where the backlight unit 3 00 is disposed. 

As is apparent from Fig. 10, the resin frame 500 has 
projecting parts 500 Awhich are formed to extend along the 
sides of the resin frame 500 that are parallel to the x 
direction as viewed in Fig. 10. 

Specifical ly, the resin frame 5 00 is formed so that each 
of a pair of opposite sides (the sides parallel to the x 
direction) has a side portion 500B which extends to the back 
side of the resin frame 500 as viewed from the observation 
side of the liquid crystal display device. 
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The reason for this is that it is possible to ob tain the 
advantage that the resin frame 500 can be imparted a strength 
against twists due to reverse rotational forces on the 
diagonal lines of the res in frame 500, and it is alsopossible 
to impart sufficient strength to a case constituted by the 
combination of the resin frame 500 and the inside frame 700 
which will be described later. 

As will be apparent from a later description, each of 

□ 

|j the projecting parts 500A is formed to be larger in height 

p that the high-frequency power source board 40, so that the 

^ projecting parts 5 00 A are comparat ively large. As descri bed 

hi 

~ above, the control circuit board 10 is disposed to be closely 

5 

£3 

^ opposed to one of the side portions 500B (actually, with the 

UJ 

inside frame 70 0 interposed therebetween). 

□ 

la Accordingly, it is possible to provide the advantage 

that the control circuit board 10 which is complicated in 
circuit construction may be constructed as a large-sized 
c i rc u i t bo ar d . 

In this case, the control circuit board 10 also has the 
advantage of having an e I e ct ro magn e t i c -w a ve shielding 
function, because the inside frame 700 is present between the 
liquid crystal display unit 40 0 an d the control circuit board 
10 . 

Incidentally, in this embodiment, the respective 
projecting parts 500 A are provided on the sides parallel to 

31 



the x direction, but are not limited to this arrangement. It 
goes without sayingthat even if the projecting parts 50 OA 
are provided on the other sides parallel to the y direction, 
it is possible to obtain similar advantages. 
[HIGH-FREQUENCY POWER SOURCE BOARD] 

Fig. 11 is a view showing the high-frequency power 
source board 40 disposed on the reverse side of the resin f rame 
50 0. 

This high-frequency power source board 40 is provided 
with transformers 71 the n urn be r of which is equivalent to the 
number (in this embodiment, eight) of the light sources 35 
of the bac kl i gh t unit 300 . 

However, the transformers 71 need not necessarily be 
disposed so that the number of the transformers 71 is 
equivalent to that of the light sources 35. It goes without 
saying that one transformer may be allocated to a set of two, 
four or eight light sources. 

The high-frequency power source board 40 is di sposed via 
the shield sheet 72 which is made of a metal and secured to 
the reverse side of the resin frame 50 0, and an aperture 72A 
is provided in a portion ofthe shield sheet 72 (aportion 
approximately equivalent to the area in which the high- 
frequency power source board 40 is mounted). This is because 
it is necessary to prevent eddy currents from occurring in 
the shield sheet72 owing to the transformers71, and also 
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because interconnection layers are formed on the high- 
frequency power source board 40 and the high-frequency power 
source board 40 itself has a shielding function. 

The DC/AC inverter board 40 secured in this manner, 
inclusive of its mounted components, has a height which does 
not allow any of them to project from the projecting parts 
50 OA of the resin frame 5 00. 
□ Inotherwords, the projectingpartsSOOA of the resin 

\D frame 500 are set to be so high as not to allow the h i gh - 

-P 

fU frequency power source board 40 including the mounted 

m 

M* components to project from the projecting parts 500 A of the 

3 re si n f r am e 500 . 

p 3 [I NS IDE FRAME] 



The inside frame 700 is disposed between the liquid 
crystal display unit 400 and the diffusing sheet (not sh own) . 

This inside frame 70 0 is made of a metal plate which is 
comparatively thin in wall thi ckne ss and has an aperture 42 
formed in a portion equivalent to the display area part of 
the liquid crystal display unit 40 0. 

The inside frame 700 has the function of pressing the 
diffusing sheet against the resin frame 500 and the function 
of en ab ling the liquid crystal display unit 40 0 to be mounted 
on the i ns id e f ra me 70 0. 

Spacers 44 for positioning a liquid crystal display 
panel 100 are secured to part of the upper surface of the 
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inside frame 70 0 onwhich the liquid crystal display unit 400 
is to be mounted. Owing to these spacers 44, the liquid 
crystal display panel 100 can be accurately positioned with 
respect to the inside frame 70 0. 

The inside frame 700 has the shape of being formed 
integrally with sides 46, that is, the shape in which the 
ap er t ur e 42 is formed in the bottomof the metal pi a te having 
an approximately box-like shape. 

The inside frame 700 having this shape is fitted into 
the resin frame 500 with the diffusing sheet interposed 
therebetween. In other words, the inside frame 700 is placed 
in the resin frame 500 so that the inside walls of the sides 
46 are respectively opposed to the outside wal Is of the sides 
of the r es i n f r am e 5 00 . 

The metal-plate inside frame 7 00 constructed in this 
manner constitutes one frame (case) together with the resin 
frame 500, and can improve the mechanical strength of the 
resin frame 500 without increasing the wall thickness 
th er eof . 

That is to say, even if the inside frame 70 0 and the res in 
frame 5 00 are not sufficient in mechanical strength, their 
mechanical strength is improved by fitting the inside frame 
70 0 into the resin frame 500 in the ab ove -d esc r i bed manner, 
whereby the case has a strength against twists about the 
di agona I I in es. 
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In addition, the projecting parts 500A formed on the 
resin frame 500 serve to increase the mechanical strength 
against twists about the diagonal lines of the case. 

Accordingly, it is possible to obtain the advantage of 
en su ring a sufficient strength without enlarging a so-c a I led 
picture frame in the module of the liquid crystal display 
de vi c e. 

In addition, as compared with an approximately planar 
frame having no sides, the inside frame 700 in itself becomes 
large in mechanical strength, and has the advantage of 
becoming easy to handle during a process prior to the 
assembling of the module. 

Incidentally, in this embodiment, the control circuit 
board 10 and the DC/ DC converter board 11 are disposed on part 
of the sides 46 of the inside frame 70 0 in the state of being 
opposed to each other. In other words, the control circuit 
board 10 and the DC/DC converter board 11 are disposed 
perpendicularly to the liquid crystal display pa nel module 
40 0, whereby the picture frame can be reduced in size. 

In this case, the control circuit board 10 is connected 
via the connecting parts 18, 19Aand 19B, respectively, to 
the flexible gate circuit board 15, drain circuit board 1 6A 
and drain circuit board 16B secured to the liquid crystal 
display panel module 400, and the drain circuit board 16A and 
drain circuit board 16B are bent to form the above-described 
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ar ra nge men t. 

Incidentally, in this construction, as described 
previously, the influence of electromagneticwavesgenerated 
from the control circuit board 10 on other members can be 
prevented by the sides 46 of the inside frame 70 0. 

In the a bo ve descriptionofEmbodiment 1, reference has 
be en made to a box-l ike shape as the shape of the inside frame 
70 0, bu t t he sh ap e of t he inside f r a me 70 0 nee d not be a perfect 
box-like shape and may also be a shape having a side formed 
on at I e as t o ne side. 

This is because the inside frame 700 is not planar, but 
has bent portions to constitute a structure which has a 
mechanical strength improved by the bent portions. 

[UPPER FRAME] 

The upper frame 800 has the function of pressing the 
liquidcrystal display panel modul e 40 0, the inside frame 700 
and the diffusing sheet against the resin frame 500, and 
constitutes the outer frame of the module of the liquid 
crystal display device together wi th the resin frame 5 00. 

The upper frame 800 is made of a metal plate having an 
approximately box-like shape, and an aperture (display 
window) 48 is formed in the portion of the metal plate that 
is equivalent to the display area part of the liquid crystal 
display panel module 400. The upper frame 800 is secured to 
the resin frame 5 00, as by engagement. 
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The upper frame 800 also has the function of a shielding 
ma te r ia I . 

[ASSEMBLY OF THE ABO VE -DE SCR I BED C OMPO NEN TS ] 

Fig. 12 showsanassembly of thecomponents shown in Fig. 
2. The central view of Fig. 12 is a plan view showing the 
assembly viewed from the side w he re the upper frame 80 0 is 
disposed, while the right, left, top and bottom views of Fig. 
12 are side views seen from the respective directions. 

As is apparent from the right and left views of Fig. 12, 
the high-frequency power source board 40 disposed on the 
reverse side of the resin frame 50 0 is disposed without 
projecting from the si des of the upper frame 800 (that is, 
in an unobservable state). 

As is also apparent from the right and left views of Fig. 
12, the resin frame 50 0 has aC-like cross-sectional shape 
owing to the projecting parts 5 00A . 

As described previously, the resin f ra me 50 0 ha s a I arge 
resisting strength against twists due to reverse rotational 
forces on the diagonal lines of the resin frame 500. 

Em bo d im e nt 2 

Fig. 13 is a cross-sectional view showing another 
embodiment of the liquid crystal display device according to 
the invention, which is improved on the basis of, for ex ample, 
the construction of Embodiment 1. 

Fig. 13 is a cross-sectional view of the assembly of the 
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liquid crystal display device, taken alongthe y direction 
(the directionperpendicular to the longitudinal direction 
of the light so ur c es 35). 

The construction of Embodiment 2 differs from that of 
Embodiment 1 in that on the si de of the backlight unit 300 
that faces the liquid crystal display panel unit 400, a 
diffusing sheet 50 is disposed to cover the backlight unit 
30 0, and an e lect romagnet ic shield sheet 51 is disposedon 
the side of the diffusing sheet 50 that faces the liquid 
crystal display panel unit 4 00. 

This electromagnetic shield sheet 51 is a shield sheet 
for blocking electromagnetic waves generated from the light 
sources 35 of the backlight unit 300, and is made of, for 
example, a transparent conductive sheet or a metal mesh. 

With this construction, it is possible to solve 
disadvantages offered by the light sources 35 driven by a 
hi gh -f r equ en cy vo I ta ge . 

Incidentally, in this case, the reflector 36 of the 
backlight unit 30 0 may, of course, be formed of a metal 
material so that the reflector 36 can be given the function 
of the electromagnetic shield sheet 51 against the light 
sources 35. 

In this embodiment, another diffusing sheet 52 is 
disposed on the side of the electromagnetic shield sheet 51 
that faces the liquid crystal display panel unit 400, and 
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realizes together with the diffusing sheet 50 a structure 
which can make uniform the irradiation of light onto the 
liquid crystal display panel unit 400 from the backlight unit 
30 0. 

The reason for this is that, as described previously, 
each of the light sources 35 has plural electrodes spaced 
apart from one another along its longitudinal direction and 
I i gh t i r ra d i a t i on is not e f f ec t ed in t h e po r t i on s of t he s e 
electrodes, and furthermore, there exist lines which connect 
the electrodes of each of the light sources 35 to the 
corresponding electrodes of the adjacent one, so that th is 
fact becomes the cause of slightly impairing the uniformity 
of I i gh t i rr adi at i on . 

As shown in Fig. 13, the resin frame 500 is made of a 
metal material and the electromagnetic shield sheet 51 is 
disposed in direct contact with the resin frame 500, whereby 
the light sources 35 can be completely shielded. 

For similar purposes, the reflector 36 may be made of 
a metal material and the electromagnetic shield sheet 51 may 
be disposed in direct contact with the reflector 36. 

Em bo d im e nt 3 

Figs. 1 4A to 14C are views showing the constructions 
of different modifications of each of the light sources 35 
used in each of the ab o ve -de sc r ibe d embodiments. 

Fig. 14A is a view s ho wing a modif icat ion simi lar to each 
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of the light sources 35 used in each of the above-described 
embodiments. In the light source shown in Fig. 1 4A , the 
electrodes have ring-like shapes, and a discharge tube is 
inserted through these electrodes. Fig. 14A is a cross- 
sectional view taken along line a -a of Fig. 14A. 

In the light source shown in Fig. 14B, each of the 
electrodes is formed on part of the circumference of the 
discharge tube. Evenwith this construction, the function 
of the light source 35 can be simi larly realized. Fig. 1 4B 
is a cr o ss -s e ct io nal view taken along line b -b of Fig. 1 4B. 

In the light source shown in Fig. 14C, the electrodes 
have ring-likeshapes similarly to the case shown in Fig. 14A, 
but a gap is formed betweeneachof the electrodes and the 
discharge tube. Evenwith this construction, the function 
of the light source 35 can be simi larly realized. Fig. 1 4C 
is a cr oss -s ect io nal view taken along line c -c of Fig. 1 4C. 

Em bo d im e nt 4 

Figs. 15A and 1 5B are views showing the construction of 
another embodiment of the liquid crystal display device 
according to the invention. Speci fically, Figs. 15A and 15B 
are a pian view and aside view showing the backlightunit 
30 0, re spe ct i ve ly . 

As shown in Figs. 15A and 15B, the portions of the 
el ec t ro d es 3 5d (1) an d 3 5d (3) d i spo sed at the oppositeends 
of each of the discharge tubes 35a provided in the backl ight 
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unit 30 0 a re be nt . 

Stated in detai I, the opposi te end portions of each of 
the discharge tubes 35a in which the respective electrodes 
35d(1) and 35d(3) are formed are bent in the direction of 90 3 
with re spe ct to t h e ce n tr a I ax i s (or t h e ex t en d i ng d i r ec t ion) 
of the discharge tube 35a, and all the bending directions are 
made coincident with the upward direction as viewed in Fig. 

,n Incidental ly, each of the discharge tubes 35a has 

fy electrodes disposed not only at the opposite ends but al so 

S 

M= in the intermediate portion between the opposite ends as 
00 

s_ described previously, but Figs. 15A and 1 5B show only the 

CO el ec t ro des 3 5d( 1) an d 3 5d (3) d i spo sed at the oppositeends 

yj 

^ and do not show any of the electrodes disposed in the 

n 

tost 

^ intermediate portion. However, it goes without saying that 

th e i nv ent io n can a I so be ap pi i ed to a co ns t ru ct i on in wh ich 
the electrodes 35d(1) and 35 d ( 3 ) are disposed at only the 
opposite ends of each of the discharge tubes 35a. 

Even if the bent portions are formed in part of the 
discharge tube 35 a constructed in this manner, the bent 
portions do not impair the emission of the discharge tube 35a 
and the discharge tube 35a can emi t a sufficient amount of 
light similarly to each of the discharge tubes 35a used in 
each of the a bo ve -de sc r i b e d embodiments. 

In Embodiment 4, the area of each of the discharge tubes 
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35a which is occupied by the portion other than the porti ons 
bent at the opposite ends of the discharge tube 35a is used 
as an effective emission area. 

Spec i fi cal ly, the di sp I ay pa rt oth er than the pe r ip hery 
of the liquid crystal display pane I module 400 (an effective 
display area: an area corresponding to the outer outline of 
the aggregation of pixels) is disposed to coincide with the 
q above-described effective emission area, whereby the 

yg electrodes 35d(1) and 35d (3) of each of the discharge tubes 

fy 35a disposed at the opposite ends thereof are positioned in 

m 

H an area outside thedisplaypartof the liquid crystal di splay 

pa ne I module 40 0. 

00 Figs. 16A to 16C are construction views showing the 

positional relationship between the discharge tubes 35a 

□ 

disposed in this manner and the liquid crystal display panel 
mo du I e 400 . 

Fig. 1 6 A , 16B and 16C are a plan view, a left side view 
and a bottom side view, respectively. 

In an area Q between the outline of the display part of 
the liquid crystal display panel module 400 and the outer 
outline of the upper frame 800, the opposite ends of each of 
the discharge tubes 35 a at which the respectiveelectrodes 
are disposed are positioned, and the opposite ends are bent 
with respect to the axial direction of each of the discharge 
tubes 35a, whereby the width of the area Q can be made smaller 
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than the length of each of the opposite ends. 

In the case of this embodiment, the bending direction 
of each of the opposite ends of each of the discharge tubes 
35a is contained in a plane pa rail el to the liquidcrystal 
display panel module 400, whereby it is possible to provide 
the advantage that it is not necessary to increase the 
depthwise thickness of the liquid crystal display device. 

Accordingly, it is possible to decrease the area 
occupied by the picture frame (the area Q shown in Fig. 1 6A) 
of the liquid crystal display device without the need to 
increase the depthwise thickness of the liquid crystal 
d i sp I ay device. 

It has been confirmed that the efficiency of emission 
of this kind of discharge tube 35a can be improved 
particularly by increasing the width of each of the electrodes 
35 d provided on the discharge tube 35a. 

Fig. 17 is a graph showing the relationship between 
electrodewidth and lamp current flowing in the disc ha rge tube 
35a. Fig. 17 shows lamp current (mArms) with respect to 
ap pi i ed vo 1 1 age (V rm s) fo r eac h of e I e c t r od e w i d t hs of 1 0 mm, 
20 mm and 40 mm, and it can be seen from Fig. 17 that as the 
electrode width is larger, a larger lamp current flows even 
in the case of the same applied voltage. 

In addition, as shown in Fig. 18, it can be seen that 
as the electrode width is made larger, the lamp current 
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becomes larger ir respective of, for example, the length of 
the discharge tube (in Fig. 18, 100 mm, 200 mm and 300 mm). 

Each of the discharge tubes 35 a wh i ch causes adischarge 
when a vol tage is appl ied can be represented by the equivalent 
circuit shown in Fig. 19. In Fig. 19, symbol R denotes the 
resistance of the positive column of a discharge portion, and 
symbol Cd denotes the electrostatic capacity of glass 
(dielectric) interposed between the positive column and 
el ec t ro d es . 

In this case, letting VI be the ap plied volt age, a I amp 
current II is expressed by the fol lowing equation (1): 



As is apparent from this equation (1), if a larger 
current is to be supplied with a smaller voltage, the value 
of Cd of the electrode portion needs only to be increased; 
specifically, the width of each of the electrodes may be 
increased or the area in which the electrodes and the 
discharge tube are opposed to e ach other ma y be increased. 

Therefore, in the case where the widths of the 
respective electrodes 3 5d (1) and 3 5 d (3 ) are made large and 
the portions of the respective electrodes 35d(1) and 3 5d (3) 
of each of the discharge tubes 35a are positioned to be 



LAMP CURRENT II = 



V1 



(1 ) 
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superposed on the area other than the display part of the 
liquid crystal display panel modul e 40 0, wi thout the port ions 
of these electrodes 35 d (1 ) and 35d (3) being bent, the width 
occupied of an area called a picture frame becomes extremely 
large, but by adopting the above-described construction, it 
is possible to narrow the width to a great extent. 

Co n t r a r i I y , in the case where the width of the area of 
the picture frame needs not be narrowed, the length of each 
of the opposite ends of the discharge tube at which the 
respective electrodes are disposed can be made large by 
fa bending the opposite ends of the discharge tube, whereby the 

B " widths of the electrodes can be made large so that the 

if" "1 

S3 efficiency of emission of the discharge tube can be increased 

W 

H to a gr eat e x te nt . 

O 

Em bo d im e nt 5 

Fig. 20 is a view showing another embodiment of the 
liquid crystal display device a ceo r d i n g to t he i n ve n t i on , and 
corresponds to Figs. 1 5A and 1 5B. 

The electrode 3 5d (3) disposed at one end of each of the 
discharge tubes 35a shown in Fig. 20 is bent in the upward 
direction as viewed in Fig. 20, whilethe electrode 35 d ( 1 ) 
disposed at the other end is bent in the downward direction 
as v i ew ed in Fig. 20 . 

It goes without saying that even in this case, it is 
possible to obtain similar advantages. 
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Em bo d im e nt 6 

Fig. 21 is a view showing another embodiment of the 
liquid crystal display device a ceo rd in g to the i nve n ti on , and 
co rr esp ond s to Fi g, 20 . 

Each of the discharge tubes 35a shown in Fig. 21 has a 
U— like shape with a turning portion, whereby with a single 
discharge tube, it is possible to realize substantially the 
same effect as two discharge tubes. 

The electrodes 35 d (1 ) and 3 5 d ( 3 ) disposed at the 
opposite ends of each of the discharge tubes 35a are 
positioned close to each other on one side, while the turning 
portion is positioned on the other side. 

Accordingly, the electrodes 35 d (1 ) and 3 5 d ( 3 ) are 
disposed to be superposed on one side in the periphery 
(picture frame) of the display part, while the turningportion 
is disposed to be superposed on the other side in theper iphery 
of the display part. Incidentally, it is a matter of course 
that if an electrode is not disposed in the turning portion, 
the turning portion may also be disposed in the display part 
without beingsuperposedon theperiphery of the display part. 

In this case, each of the electrodes 35d(1) and 35d (3) 
is bent in the upward or downward direction as viewed in Fig. 
21, whereby it is possible to narrow thewidth of theper iphery 
of the display part and reduce the area occupied by the 
so-called picture frame (denoted by Q in Fig. 21). 
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Embodiment 7 

Fig. 22 is a view showing another embodiment of the 
liquid crystal display device a ceo rding to the invention, and 
co rr esp ond s to Fi g. 21 . 

Similarly to the case shown in Fig. 21, the discharge 
tubes 35a each having a U-like shape with a turning portion 
are used, but the en tire lengthof eachof the discharge tubes 
35a is about half that of each of those shown in Fig 21. 

The discharge tubes 35a are disposed in the right-half 
and left-half areas of the backlight unit 3 00. 

In this case, eachof the discharge tubes 35a is di s posed 
so that the turning portion is pos itioned in the middle of 
the backlight unit 300 and the electrodes 3 5 d ( 1 ) and 35d (3) 
are positioned in the periphery of the display part. 

Each of the electrodes 35 d (1 ) and 35d(3) is bent in the 
downward (or upward) direction as viewed in Fig. 22, whereby 
it is possible to narrow the width of the periphery of the 
di sp I ay pa rt an d r ed uc e t he ar ea o ccup i ed by t he so -c a 1 1 ed 
picture frame (denoted by Q in Fig. 22). 

In addition, in this case, it goes without saying that 
it is possible to obtain similar advantages even if the 
direction indicated by the bent portion of each of the 
electrodes 35d(1) and 35d(3) is toward the bottom of the 
backlight unit 30 0 as shown in Fig. 23. 

In this case, in each of the discharge tubes 35a which 
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are positioned in the area of the display part, the portions 
where the respective electrodes 35d(1) and 35d(3) are 
disposed bee o me port ions which do not emit light. A ceo rd ingly, 
these portions are 180 3 bent in the direction of the bottom 
of the backlight unit 300 so that they can be hidden behind 
the light-emitting portion oft he same discharge tu be 35 a. 
Em bo d im e nt 8 

O Fig. 24 is a view showing another embodiment of the 

y3 liquidcrystaldispl ay device a ceo rding to the invention, and 

■P 

fU corresponds to Fi g. 21. 

cn 

Each of the discharge tubes 35a shown in Fig. 24 is 
L. constructed as a rectangular ring-shaped tube, and the 

p electrodes 3 5 d ( 1 ) and 35d(3) are respectively disposed in 

; a ! 

XXV 

£ portions corresponding to the opposite ends of each of the 

u 

di sc har ge tu bes 3 5a. 

The construction of each of the discharge tubes 35a is 
similar to a construction in which two discharge tubes are 
integrally formed, and in this case, the portions where the 
respective electrodes 35d (1) and 3 5 d (3 ) are disposed become 
bent portions with respect to the other portion. Accord ingly, 
these bent portions are positio ned to besuperposed on the 
periphery (non-display portion) of the display part, whereby 
the area occupied by the picture frame (the area denoted by 
Q in Fig. 24) can be narrowed. 

Fig. 25 sh ow s a f a r mo r e i mp ro ved cons t ru ct i on i n wh ich 
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ar ea de not ed by Q in F i g. 29 ) as c ompa red with the case i n 
which the portions where the respective electrodes are 
disposed are not at all bent. 
Em bo d im e nt 11 

Fig. 30 is a view showing another embodiment of the 
liquidcrystal display device a ceo r d i n g t o t he i n ve n t i on . The 
embodiment shown in Fig. 30 di ffers from the other embodiments 
in that theportions of each of the dischargetubes 35a of 
where the respective electrodes 35d(1) and 3 5d (3 ) are 
di spose d are ma de he I i cal an d the e I ec t ro de s 3 5d (1) an d 3 5d (3) 
are also m ad e helical according to the he Meal portionsof 
each of the discharge tubes 35a. 

In this case, the lengths of the respective electrodes 
3 5 d ( 1 ) and 3 5 d ( 3) (the lengths along the axial direction of 
the discharge tube) that are formed at the opposite ends of 
each of the discharge tubes 35a can be increased to a great 
extent, and the portions where the respective electrodes 
35 d ( 1 ) and 3 5 d ( 3) are disposed can be m ad e helical so that 
the width occupied by each of the portions can be reduced to 
a gr eat ex te n t. 

Em bo d im e nt 12 

In each of the ab o ve -d e sc r i b ed embodiments, the 
backlight unit is a so-called direct backlight and includes 
plural linear light sources 35 disposed on the back side of 
the liquid crystal display panel. 
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However, the backlight may, of course, be p r ov id ed w i th 
a I i ght gu id e plate. 

Specifically, the liquid crystal display panel module 
40 0 may be of the type which includes a light guide plate 
disposed to be opposed to at least the display part and a 
linear light source disposed on at least one side of the light 
guide plate. In the liquid crystal display panel module 400 , 
q af te r I i gh t f rom t he I i gh t sou r ce has bee n g ui de d i n to the 

interior of the light guideplate, the light is irradiated 

=F 

ry from the surfaceof the light guide plate which isopposed 

m 

•XT E 

H> to the liquid crystal display panel. 

m 

s In this case, the discharge tube 35a shown in Fig. 5 is 

□ 

33 used as the I ight source, and as shown in Fig. 31, the opposite 

UJ 

end portions of the discharge tube 35a where the respective 

O 

^ electrodes 3 5 d ( 1 ) and 3 5d (3) are disposed are bent, and the 

respective bent portions a re di spo sed in parallel with and 
in proximity to the side surfaces of a light guide plate IL 
perpendicular to one side surfaceof the light guide plate 
IL (the surface of the light guide plate IL that is located 
on the side where the discharge tube 35a is disposed). 

According to this construction, the discharge tube 35a 
disposed on one side of the light guide plate IL enables the 
electrodes 35d(1) and 35d (3) provided in the opposite end 
portions (portions which do not irradiate light) to be 
positioned externally of the one side, whereby a far more 
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amount of light can be guided into the interior of the light 
guide plate IL. 

In addi t io n, si nc e the po r ti on s of the el ec t ro de s 3 5 d ( 1 ) 
and 3 5 d (3) are respectively bent in the opposite end portions 
of the dischargetube 3 5a, there is the advantage that the 
width of the picture frame (the area denoted by Q in Fig. 31) 
on each of the sides of the light guide plate IL perpendicular 
to the discharge tube 35a can be made narrow compared to the 
case where the portions of the electrodes 35d(1) and 3 5d (3) 
are extended along the extending direction of the discharge 
tu be 35 a. 

In the case of this embodiment, since the opposi te-e nd 
electrode portions of the discharge tube 35a are 90 3 bent with 
re spect to t h e ex t en d i n g d i r ec t i on of the d i sc ha rge tu be 35a , 
the width of the picture frame on each of the sides of the 
light guide plate IL perpendicular to the discharge tube 35a 
can also be made a value approximately equal to the diameter 
of each of the electrodes 35d(1) and 3 5 d ( 3) . 

Em bo d im e nt 13 

Fig. 32 is a view showing another embodiment of the 
liquid crystal display device a ceo rding to the invention, and 
co rr esp o nd s to Fig. 31 . 

The embodiment shown in Fig. 32 is the same as the case 
shown in Fig. 31 in that the opposite end portions of the 
discharge tube 35 a w he re the respective electrodes 3 5d(1) and 
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35 d ( 3 ) are disposed are bent, but in the embodiment shown in 
Fig. 32, such opposite end portions are bent at an angle of 
18 03 on th e s id e of th e d i sc ha rge tube 35 a o ppos i te to the 
I i gh t guide plate IL . 

As is apparent from Fig. 32, the opposite end portions 
of the discharge tube 35a where the respective electrodes 
35d(1) and 3 5 d ( 3) are disposed are opposed to one side of the 
light guide plate IL, but this construction does not 
particularly become a problem, because the electrodes 3 5 d ( 1 ) 
an d 3 5d (3) arehiddenbehind the portion of the disc ha rge tube 
35 a where the electrodes 35d(1) and 35 d (3 ) are not disposed. 

Em bo d im ent 14 

Fig. 33 is a view showing another embodiment of the 
liquid crystal display device a ceo rd in g to the i nve n t i on , and 
co rr esp ond s to Fig. 32 . 

The embodiment shown in Fig. 33 differs from the 
construction shown in Fig. 32 in that the opposite end 
portions of the discharge tube 35a where the respective 
e I ec t ro d es 3 5 d ( 1 ) and 3 5d (3) are disposed are bent at an angle 
of 18 03 in thedirectionof thebottom of the light guide plate 
IL (toward the bottom of the backl ight unit 30 0). 

Em bo d im e nt 15 

In each of the ab o ve -d e sc r i b ed embodiments, the 
discharge tube 35a has a cyl indrical shape which is the same 
in diameter from its center to each of its opposite ends, and 
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has the structure in which the opposite end portions of the 
discharge tube 35 a w he re the respective electrodes 3 5d (1 ) and 
35 d ( 3 ) are disposed are bent. 

In this case, the lengths of the respective electrodes 
3 5 d ( 1 ) and 3 5 d ( 3) (the lengths along the axial direction of 
the discharge tube 35) can be increased without the need to 
prepare a large space for the portions where the respective 
P electrodes 3 5 d ( 1 ) and 3 5d (3) are disposed, whereby it is 

possible to improve the efficiency of emission of the 

-P 

fy di sc har ge tu be 35 a. 

"M However, as shown in Fig. 34, if the radius r of each 

00 

* of the opposite end portions of the discharge tube 35a where 

*=? 

03 the electrodes 35 d (1 ) and 3 5 d ( 3 ) are disposed is made larger 

y 

than the radius of the other portion of the discharge tube 

Q 

H 35a (without the need to change the wall thickness of the 

discharge tube 35a), it is possibl e to improve the efficiency 
of emission of the discharge tube 35a. This is because the 
area of the portion of eachof the electrodes35d(1) and 35d(3) 
th at is op po s ed to t he glass t u be can be ma d e la r ge to e n I arge 
el ec t ro s ta t i c c ap aci ty . 

Ac co rdi ngl y, by maki ng fu I ly I a rge the di am e te r of each 
of the opposite end portions of the discharge tube 35a where 
the respective electrodes 35d(1) and 3 5 d ( 3) are disposed, it 
is possible to reduce the lengths of the respective electrodes 
35d(1) and 35d(3) (the lengths along the axial direction of 
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the d is cha rg e t ub e 3 5). 

This fact means that if the opposi te end portions of the 
discharge tube 35a where the respe ctive electrodes 35d(1) and 
35 d ( 3 ) are disposed are positioned outside the display area 
as shown in Fig. 3 5, theareaoccupied by the so-cal led picture 
frame (the area denoted by Q in Fig. 35) can be reduced. 

Incidental ly, the embodiment sh own in Fig. 35 is applied 
to the so-called direct backlight type of backlight unit 300, 
but it goes without saying that the invention can also be 
ap pi i ed to a ba ck I ig ht us i ng the light gu i d e plate I L. This 
feature also appl ies to em bo dim en t s which will be described 
be low. 

Fig. 36 is a view corresponding to Fig. 35. The 
electrodes 3 5 d ( 1 ) and 3 5d (3) provided attheoppositeends 
of each of the di scharge tubes 35a have shapes formed to extend 
to the respective end surfaces of each of the discharge tubes 
35a. In other words, the respective electrodes 35d(1) and 
35 d ( 3 ) are formed to cover the end surfaces of each of the 
discharge tubes 35 a, whereby the area of each of the 
electrodes 35d(1) and 35d (3) that is opposed to the discharge 
tube 35a can be made large. 

In this case, it is possible to make far smaller the 
lengths of the respective electrodes (the lengths along the 
axial directions of the discharge tube). 

Em bo d im e nt 16 
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Figs. 37 and 38 are views showing further improvements 
in Embodiment 15, and correspond to Figs. 35 and 36, 
re sp ect i ve ly . 

In this case, the opposite end portions of each of the 
discharge tubes 35a where the r esp ective el ectrodes 35 d( 1 ) 
and 3 5 d (3) are disposed have cubic shapes, respectively, and 
the length of one side of each of the cubic portions is formed 
to be larger than the diameter of the other portion of the 
discharge tube 35a. Incidentally, the detailed construction 
of one of these portions is shown in Fig. 39A. 

In this case as well, it is possible to obtain similar 
advantages to those of Embodiment 15. 

Incidentally, as shown in Fig. 39B by way of example, 
such adischarge tubehaving the above-described shape can 
easily be formed by independently forming portions 
corresponding to the oppo site end port i on s of the discharge 
tube 35a and the other portion of the discharge tube 35a and 
then fusing the portions to the other portion. 

Em bo d im e nt 17 

Fig. 40 is a view showing a further improvement in 
Embodiments 15 and 16 and showing particularly a cross section 
of one of the opposite end portions of one discharge tube 35a 
where the respective electrodes 3 5 d ( 1 ) and 3 5d (3 ) are 
di sp ose d . 

The outer diameter of the discharge tube 35a is uniform 
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along the axis direction thereof, but the inner diameter of 
the discharge tube 35a is made larger in the opposite end 
portions where the respectiveelectrodes 35d(1) a nd 35 d ( 3) 
are disposed, than in the other portion of the discharge tube 
35 a. In other words, thewall thicknessof thedischarge tube 
35a is made thin in the opposite end portions where the 
respective electrodes 35d(1) and 3 5 d (3 ) are disposed. 

In this case as well, it is possible to obtain similar 
advantages to those of Embodiments 15 and 16. 

Incidentally, it goes without saying that if 
Embodiments 15 to 17 are applied to a construction in which 
the portions of the electrodes are bent, it is possible to 
obtain far more advantage. 

Em bo d im e nt 18 

Fig. 41 shows a construction in which at least one 
discharge tube 35 a togetherwi th its electrodes 3 5d ( 1 ) and 
35 d ( 3 ) is disposed in the effective emission area of the 
ba ck I ig h t un i t 30 0. 

In other words, there a re other discharge tubes 35a each 
of which is positioned with either of the electrodes 35d(1) 
or 3 5 d ( 3 ) superposed on the picture frame (the area denoted 
by Q in Fi g. 41 ). 

In this case, some of the electrodes are positioned in 
the effective emission area, but since at least these 
electrodes are 1803 bent toward the bottom of the backlight 

57 



unit 30 0, disadvantages due to the electrodes disposed in the 
effective emission area are solved. 

In addi tion, Embodiment 18 has the advantage that since 
a plurality of short discharge tubes are arranged in the axial 
direction, the backlightunit 3 00 can c op e with far larger 
picture screens. In this case, since the individual discharge 
tubes are short, their discharge starting voltage and 
discharge voltage can be suppressed. 

At present, in the case of a picture screen of, for 
example, 18 inches or less, if only one discharge tube is 
disposed in the axial direction thereof, the discharge tube 
can ful ly cover the display area of the picture sere en in that 
di rection, but in the case of a large picture screen exceeding 
18 inches, it is extremely effective to array a plurality of 
discharge tubes in the axial direction thereof 

As is apparent from the foregoing description, in 
accordance with the liquid crystal display device according 
to the invention, it is possible to achieve the lengthening 
of the life of the liquid crystal display device. 

In addition, in accordance with the liquid crystal 
display device according to the invention, it is possible to 
narrow an area called a picture frame (the area between the 
outline of the outer frame of the liquid crystal display 
device and the outline of the display area thereof). 
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